growth by serving as a nucleation site that promotes the anisotropic crystallization (2) .
The long-range forces that direct nanoribbon coiling are electrostatic (see the figure) . The wurtzite ZnO crystal structure consists of alternating stacked planes of tetrahedrally coordinated Zn 2+ and O 2− ions oriented perpendicular to the c axis of the crystal. An uncompensated (0001) surface of the unit cell can consist of exposed zinc, giving rise to a net positive charge. The (0001 -) surface exposes oxygen, giving rise to a net negative charge. In most materials, these charged surfaces are highly unstable and rapidly undergo reconstruction or rearrangement to neutralize the net charge. The situation for ZnO nanoribbons, however, is different, and uncompensated charged (0001)-Zn and (0001 -)-O surfaces are relatively stable (8) . The growth direction determines which nanoribbon surfaces will exhibit these charged faces and can be controlled synthetically. Therefore, the third requirement for nanoribbon coiling relates to the nanoribbon growth direction. If the nanoribbon grows in the (21 -1 -0) direction, the (0001)-Zn and (0001 -)-O surfaces will be exposed orthogonal to the nanoribbon plane (6) . These nanoribbons form helices with the positive charged surface orienting toward the interior of the ring and the negative charge toward the outside. If the nanoribbon grows in the (101 -0) direction, the (0001)-Zn and (0001 -)-O surfaces orient in the plane of the nanoribbon, perpendicular to the growth direction. This is the orientation necessary to induce the observed coiling process (2) . Because the nanoribbon coils back upon itself, the positive surface contacts the negative surface and minimizes the electrostatic charge on the nanoribbon.
Kong et al. have also imaged an extraordinary epitaxial sintering between the coiled wires. Under high-resolution transmission electron microscopy, neighboring nanoribbons appear to interface in the cylinder wall with atomic precision. Therefore, the polar interactions between the oppositely charged ribbon edges provide not only a long-range force that induces the ribbons to wrap back upon themselves, but also a short-range "zippering" effect in which charge appears to be most effectively neutralized by epitaxial interfacing between the (0001)-Zn and (0001 -)-O surfaces. New materials chemistry and synthetic approaches-for example, high temperature, new precursors, additives, surfactants, and various growth media-continue to surprise us with unexpected results. The self-coiling ZnO nanoribbons presented here demonstrate the complexity that nature can offer and provide a glimpse of outstanding problems remaining in materials science. Compared to living systemswhich are self-assembled "factories" of macromolecular building blocks, with not only secondary structure, but tertiary and quaternary complexity-these coiled ZnO nanoribbons are extremely simple. However, in the context of our ability to understand and attempt to replicate in artificial inorganic materials-based systems the structural complexity found in natural systems, the self-assembly of coiled ZnO nanoribbons represents a significant milestone and advance in both our fundamental understanding of and continued improvement in synthetic capabilities. A erosols have an important effect on atmospheric chemistry throughout the troposphere and lower stratosphere. They influence the radiative budget of Earth directly and indirectly by the modification of the cloud droplet size spectrum and precipitation at the surface (1) . Researchers are beginning to incorporate these effects into the most sophisticated climate models for shallow clouds. This is because aerosol-cloud interactions are seen as one of the most important single forces that drive climate change, but there are big uncertainties in the current understanding of these processes. Two reports on pages 1342 and 1337 of this issue concern the interaction of aerosols in smoke from biomass burning with clouds in Amazonia, describing additional effects that potentially have significant impact on climate at the regional to continental scale. Koren et al. (2) report on the suppression of boundary layer clouds (BLC, shallow clouds that form on top of the turbulent planetary boundary layer, which is typically some 100 m to 1 or 2 km thick, often called "fairweather clouds") in smoky areas during the dry season, and Andreae et al. (3) study clouds that appear to emit smoke during the transition between the dry and the wet season in Amazonia. Koren et al. show that the primary effect of light-absorbing and light-scattering aerosols is to decrease the supply of water from the forest canopy. This decrease occurs because of surface cooling and stabilization of the turbulent boundary layer. At the same time, the temperature of the aerosol layer increases and, together with the competition of the hygroscopic aerosols for water vapor, this prevents the formation of BLC. Hence, the cooling of
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Earth's surface is reduced to less than half of the smoke effect alone. Once aerosol pollution in a stably stratified atmosphere is strong enough, its radiative forcing may be reduced by a negative feedback loop with BLC formation.
Andreae et al. report that deep convective clouds (DCC, convective clouds that have a larger vertical than horizontal extent, reaching depths of 1 or 2 to more than 10 km, and sometimes may even penetrate into the lower stratosphere) can be an effective means of tracer transport from the smoke-polluted lowest troposphere to the upper troposphere and the tropopause region. Rain formation is not affected at low pollution, but where pollution is heavy, rainfall is significantly reduced and the convective transport of pollutants is enhanced. Pollution, once it passes a critical threshold, produces its own transport path to higher atmospheric layers if the potential of deep convection is given. In Amazonia, this results in clouds that appear to be generating their own layers of smoke, as reported by Andreae et al. (3) .
Although these two reports concentrate on aerosols from biomass burning in Amazonia, the importance of their findings may well go beyond this specific case. Other aerosol types cause different effects on clouds, depending on the background situation and on the aerosol properties and mixing. Although insoluble, many mineral dust particles also act as condensation nuclei. They are, in addition, effective nuclei for ice formation and intense precipitation, and thus will ultimately influence cirrus cloud formation. Large ice nuclei and many small condensation nuclei can lead to the suppression of heterogeneous freezing, with the result that many small droplets remain liquid down to temperatures at which homogeneous freezing occurs (4). Small ice nuclei may have the adverse effect of increasing the rainfall rate from single clouds, which is the principle of cloud "seeding." The vertical transport of pollutants may be even more effective in the dryer subtropics and higher latitudes, where less water vapor may prevent the formation of precipitation and washout at lower aerosol concentrations. If precipitation is suppressed in DCC, more water vapor is injected into the upper troposphere from the cloud tops, and this influences cirrus cloud formation and even stratospheric water content (5) . If formation of warm rain is suppressed in the polluted DCC, mixed water-ice clouds become more common-and these produce lightning. Lightning may induce wildfires and thus more smoke, and it certainly increases the production of nitrogen compounds in the free troposphere relevant to atmospheric chemistry. Aerosols will have a bigger impact on clouds over the continents because the contribution of sea salt to the aerosol mixture over the oceans provides a wider spectrum of cloud droplet size (6) . However, this is highly dependent on the production and vertical transport of sea salt particles to the cloud base and, hence, on wind and turbulent mixing in the planetary boundary layer.
One aspect has been overlooked so far: Deep tropical convection and the formation of rainfall lead to the release of enormous amounts of latent heat, which drives the general circulation of the atmosphere. The contribution of surface heating, radiative processes, and latent heat release in the mean over latitude belts proves that the only strong source of heating in the tropical free troposphere is the latent heat released from the tropical "hot towers" (see the figure). If aerosols, mainly from biomass burning in the tropics, affect the efficiency of precipitation and latent heat release in these latitudes, one must also expect changes in the general circulation of the atmosphere, namely of the tropical systems of Hadley and Walker circulation. The only global sensitivity study with a simple parameterized aerosol effect on warm (that is, excluding the ice phase) rain formation in deep convective clouds (7) in fact showed significant shifts in the tropical circulation and rainfall patterns.
Depending on vertical profiles of temperature, humidity, and wind shear, aerosols may produce different effects in DCC and BLC. The cloud-aerosol interaction is a nonlinear process and can lead to (multiple) bifurcation in the routes of cloud development. The suppression of warm rain below a weak temperature inversion may be enough to prohibit further vertical development of the cloud, whereas a temperature lower by a few degrees Celsius would allow freezing and the formation of mixedphase precipitation. The released latent heat could then allow the cloud to break through the stable layer and further development of the cloud. Cloud-aerosol interaction is tied to critical values and potentially has strong effects on many relevant processes. Therefore, changes on the scale of individual aerosol particles lead to changes in cloud dynamics, regional cloud fields, and large-scale atmospheric energetics. The process of formation of BLC in climate models must include the effects of aerosols on radiation, on turbulent mixing, and on evapotranspiration from surface and vegetation canopies. These phenomena have very short time scales, which may make it necessary to include time dependence instead of quasi-equilibrium. The variability of aerosol and background properties, and their impact on cloud formation and development, puts a big question mark on the usefulness of observationbased statistical parameterizations in global models. Because there is no reasonable "mean" influence of aerosols on clouds, aerosol-cloud interactions must be parameterized at the process level, including microphysics and chemistry.
Current climate models operate with vertical resolutions of more than 1 km in the free troposphere, implying temperature steps between the model layers on the order of at least 6 to 7 K. This is not enough to account for the complexity of DCC and their interaction with different kinds of aerosols. In the past, it was common practice to use simplified mass flux schemes as a proxy of DCC, describing one mean DCC and a coverage factor in a single column of a global climate model. DCC did not contribute to radiative effects, and the microphysics in the model were rudimentary at best. This approach underestimated by far the importance and complexity of DCC. Currently several scientific communities are trying to improve their deep convection modeling (8) , but it is not yet clear which additional effects will finally go into the standard climate (and weather forecasting) models. Will it be simple "spectral" parameterizations that are adjusted to observations, or will it be a "superparameterization" where a comprehensive cloudresolving model including microphysical processes is used to describe DCC? In any case, the current vertical resolution is not sufficient and must be improved. Given the wide spectrum of impacts, it would be wise to devote at least as many research and computer resources to the problem of DCC and their interaction with aerosols as are given, for example, to radiative processes or atmospheric chemistry.
